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CLAIMS 




1. A multi-carrier tr 
and a second transcei 
having a receiver and 



ansmission system having a first 
rer , each of said transceivers 
a transmitter, wherein data is 



transmitted between said transceivers by modulating said 



data onto a mul tiplici ty 
multi-bit symbols, wher$ 
a channel, and wherein 
(the bit loading), vari 
a channel, with time 
associated therewith 
characterised in that^ 
system is adapted to syit 
and second transceiver 



of carrier waves in the form of 
in each carrier wave constitutes 
the number of bits per symbol, 
es between channels and, within 
so that each channel has 
a bit loading parameter, 
n operation, said multi-carrier 
chronously update, at said first 
s, the bit loading parameters 



associated with each channel by transmission of data 



over a control channel, 
established, at system 
of said multiplicity of 
known to said first and 
said control channel is; 



said predetermined channel to 



selected by said first 
channel characteristics 



claim 1, characterised 
changes in bit loading a 
initiated by said first 
signals over said contrb 



in that said control channel is 
tart-up, on a predetermined one 
carrier waves whose identity is 
second transceivers, and in that 
, after start-up, changed from 



further channel, 



transceiver on the basis of 



A multi-carrier transmission system, as claimed in 



in that decisions relating to 
r^d control channel selection are 
ransceiver transmitting command 
1 channel, in that said second 



transceiver effects changes in bit loading and control 
channel carrier wave selection, and in that said second 
transceiver measures changes in channel characteristics 
and forwards data relating thereto over said control 
channel to said first transceiver . 



WO 98/10545 



PCT/SE97/01277 




6^ 



10 



15, 



2Q0 



25 



90 - 



3 . 



A multi-carrier t 



ransmission system, as claimed in 



claim 1, — xT y characterised in that said multi-carrier 



transmission system is 



U . A multi-carrier t 
either claim 1, <g¥==%, 
carrier transmission s 



a DMT transmission system, 



ransmission system, as claimed in 
characterised in that said multi- 
ystem is a DMT based VDSL system. 



5. A multi-carrier transmission system, as claimed in 
either claim 1, characterised in that said multi- 

carrier transmission system is a DMT based ADSL system. 



multi-carrier transmission system, as claimed in 



6. . 

^ony — erf — "cita-Mfrs — 3 fe-e- 

p redetermined carrier 
multiplicity of carrie 
SNR characteristics s 



r waves on the basis of channel 
p that said control channel is 



characterised in that said 
wave is selected from said 



subject to minimal interference from noise 



7. r A multi-carrier transmission system, as claimed in 
CI a*"*- I ! 

any proviouo claim *, characterised in that, on activation 
A ^ 

system, saxd control channel is 



of said multi-carrier 
established by means 
following three steps: 

establishmen 
predetermined 



of 



process comprising the 



of said control channel on a 
carrier wave; 



transfer of s»a 
wave selected 
enabling bit 



id control channel to a carrier 
by said multi-carrier system and 
loading control; and 



enabling of all carrier waves, 



8. A multi-carrier transmission system, as claimed in 
claim 7, characterised in that said step of establishing 
said control channel includes, in each of said first and 
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second transceivers 



booting said transmitter; 

said transmitter continuously transmitting 
frames in which all carrier waves other than 
said predetermined wave are modulated with 
random data 

said transmitter transmitting a system 
heartbeat ; 

booting said 1 receiver ; 

- said receiver linitia ting channel equalization; 

synchronizing Iclocks in said first and second 
transceivers; land 

- establishing said control channel on said 
predetermined farrier wave on receipt of a 
heartbeat . 

9. A multi-carrier system, as claimed in claim 7, 
*8r, characterised in that said step of transferring said 
control channel includes, \n said first transceiver: 

reception of dfata, by the transmitter, 
relating to measured channel characteristics 
from receivers in\both said first and second 
transceivers ; 



selection of a calrrier wave to which said 
control channel isjto be reallocated by said 
transmitter ; 



transmission, by 



sai 1 



transmitter, of a signal 
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identifying saidl carrier wave, to which said 
control channel is to be reallocated, to said 
second transceiver ; 



con 



on receipt of a 
second transce 
terminating said 
predetermined car 



said transmitter s 
on the reallocated 
heartbeat ; 



firmation signal, from said 
Lver, said transmitter 
control channel on said 
ner wave; 



tarting said control channel 
carrier wave at a 



said received measuring channel 
characteristics and transmitting data relating 
thereto to said (transmitter in said first 
transceiver ; 



liS 



said receiver 
channel ; 



equalizing said measured 



20 



said receiver obtaining a channel estimation 
from the second transceiver and transmitting 
data relating therkto to said transmitter in 
said first transceiver; 



said receiver receiving data identifying the 
carrier wave for reallocation of said control 
channel ; 



25 



said receiver receiving a confirmation signal 
from said second transceiver; 



said receiver terminating the control channel 
on said predetermineq carrier wave; 



said receiver establishing the control channel 
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on the reallocated carrier wave; and 



if said contr 
returning to 
of establish 



1 channel cannot be established, 
said step, according to claim 8, 
g said control channel. 



i n 



10. A multi-carrier s 
- 7 te — £», characterised i 
carrier waves includes 
first transceiver : 



y$tem as claimed in - any - of — c 1 a i - nre 

A 

n that said step of enabling all 
on a continuous basis, in said 



.0 



said transmit 
measured chanfle 
transceivers ; 



er obtaining data relating to 
Is from receivers in both said 



said transmitter determining the bit loading 
parameter for each carrier wave; 



15, 



said transmitted transmitting data relating to 
the bit loading parameter to said second 
transceiver; 



said transmitter changing the bit loading 
parameter on confirmation from said second 
transceiver ; 



20 



the receiver | measuring the channel 
characteristics \ of said multiplicity of 
channels and seiiding data relating to said 
measurements to said transmitter; 



25 



the receiver equalizing said multiplicity of 
channels in accordance with said measured 
channel characteristics ; 



the receiver obtaining a channel estimation 
from said second transceiver for each of said 
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multiplicity vof channels; 



the receiver 
parameter for 
channels ; 



obtaining a new bit loading 
each of said multiplicity of 



the receiver 
from said se 



obtaining a confirmation signal 
clond transceiver; 



the receive 
parameters ffc> 
channels . 



c updating the bit loading 
r each of the multiplicity of 



11. A multi-carrier t 
- any — previous claxms 



A 



characteristics are es 
by one of said transcei 
a predetermined conten 
said transceivers, tip 
reference frame. 



12. A multi-carrier t 
claim 11, characte: 
character is tics includfe 
variance . 



ransmission system, as claimed in 
ised in that said channel 
attenuation, phase shifting and 



13. A multi-carrier t 
e i ther claim — — or — 3r2: 



A 



ansmission system, as claimed in 
characterised in that channel 
imated by periodic transmission, 
vers, of a base sync frame having 
and comparing, in the other of 
received sync frame with a 



ransmission system, as claimed in 
characterised in that said base 



sync frames are transmitted at intervals, the BSI , and 
said BSI is locked into said transceivers thereby 
enabling said transceivers to identify a frame as a sync 
frame . 



14. A multi-carrier tr 
claim 13, characterise^ 
are transmitted at in! 
f rames . 



ansmission system, as claimed in 
in that additional sync frames 
tervals between said base sync 
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15 v A multi-carrier transmission system, as claimed in 

CteO* 13 f 

^4^ojbx^jx£. — c.l aimc 1 3 , — — characterised in that said 

first transceiver issues commands for system 

reconfiguration at the itart of a BSI , and in that 

system reconfiguration is| effected at the start of the 
next BSI. 



mission system, as claimed in 



16,. A multi-carrier transr 
CI*V* tf 

^ any of claim3 — 13 — to — 1-5*, characterised in that said BSI 
is greater than twice tjhe system transit time for 
signals . 



17. In a multi-carrier transmission system having a 
first and a second transceiver, each of said 
transceivers having a receiver and a transmitter, 
wherein data is transmitter between said transceivers by 
modulating said data onto! a multiplicity of carrier 
waves in the form of multi-bit symbols, wherein each of 



said carrier waves constit 



utes a channel, and wherein 



the number of bits per symbol, (the bit loading), varies 



between channels and, with:, 
that each channel has associ 
parameter, a method of op 
characterised by: 



n a channel, with time, so 
ated therewith a bit loading 
erating a control channel 



synchronously updating, at said first and 
second transceivers, the bit loading 
parameters associated with each channel by 
transmission of datla over the control channel; 



establishing said control channel, at system 
start-up, on a predetermined one of said 
multiplicity of carlrier waves whose identity 
is known to said first and second 
transceivers; and 



after start-up, changing said control channel 
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from said predetern 



ined channel to a further 



channel, selected by said first transceiver on 



the basis of chanm 
SNR . 

18. A method, as claimed in c 



bit loading and con 
said first trans 
command signals ov 



1 characteristics such as 



laim 17, characterised by: 



initiating decisions, relating to changes in 



trol channel selection, in 
ceiver and transmitting 
ir said control channel; 



".0 



said second transcfe 
bit loading and cc 
selection; and 



iver effecting changes in 
ntrol channel carrier wave 



15 P 



Q 



said second trans 
channel character 
relating thereto 
said first transcei 



eiver measuring changes in 
sties and forwarding data 
c|ver said control channel to 
iver . 



m method, as 

=J3 characterised in that said 

system is a DMT transmission 



25 



20. A method, as claimed 
characterised in that said 
system is a DMT based VDSL s; 

21. A method, as claimed 
characterised in that said 
system is a DMT based ADSL f 



claimep in claim 17, iU - , 

multi -carrier transmission 
system. 



n either claim 17, -o-f — 3r8-, 
multi- carrier transmission 
ystem. 

n either claim 17, -ei — 3r8-; 
mul ti -carrier transmission 
ystem . 



22. A method, as claimed i 
characterised by selecting 
wave from said multiplicity 
basis of channel SNR char 



n A any of — claims — 4-9 — fe-e- 



^ crrry cn crxc^iiirt? *r*y iu £ . 

said predetermined carrier 
of carrier waves on the 
cteristics so that said 
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control channel is subject tp minimal interference from 
noise . 



23 



A method, as claimed 



-n ^any of — claims — 1-? — fce — 2-2-? 



characterised by establishing said control channel, on 
activation of said mul ti-cadrier system, by means of a 
process comprising the following three steps: 



establishing sail 



control channel 



on 



predetermined carrier wave; 



transferring said (control channel to a carrier 
wave selected by said multi-carrier system and 
enabling bit loadfing control; and 

enabling all carrier waves. 



IS: 



20 



25 



24. A method, as claimed ip claim 23, characterised by 
said step of establishing said control channel 
including, in each of | said first and second 
transceivers : 

booting said transmitter; 



said transmitter 
frames in which a 
said predetermine 
random data; 

said transmitter 
heartbeat ; 

booting said rece 



continuously transmi tting 
1 carrier waves other than 
d wave are modulated with 



said receiver init 



transmitting a system 



ver ; 



bating channel equalization; 



synchronizing clocks in said first and second 
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transceivers; and 



establishing said 
predetermined carr 
heartbeat . 

25. A method, as claimed 
characterised by said step o 
channel including, in said fx 



control channel on said 
ier wave on receipt of a 



in claim 23 , 



transferring said control 
rst transceiver: 



reception of data 
relating to measure 



by the transmitter, 



d channel characteristics 
from receivers in bpth said first and second 
transceivers ; 

selection of a carjrier wave to which said 
control channel is io be reallocated by said 
transmitter ; 



transmission, by said 
identifying said car 
control channel is tp 
second transceiver ; 



on receipt of a confi 
second transceive 
terminating said cc 
predetermined carrie 



said transmitter star 
on the reallocated 
heartbeat ; 



transmitter, of a signal 
ier wave, to which said 
be reallocated, to said 



rmation signal, from said 
said transmitter 
ntrol channel on said 
wave ; 



ing said control channel 
carrier wave at a 



said re ceiver 
characteristics and t 
thereto to said tra 
transceiver ; 



measuring channel 
rlansmitting data relating 
smitter in said first 
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said receiver 
channel ; 



equalizing said measured 



said receiver obtai 
from the second tr| 



ning a channel estimation 
nsceiver and transmitting 
data relating thereto to said transmitter in 
said first transciever; 



said receiver receiving data identifying the 
carrier wave for reallocation of said control 
channel ; 



.0 



said receiver receiving a confirmation signal 
from said second transceiver; 



said receiver terminating the control channel 
on said predetermined carrier wave; 



15, 



said receiver est 



on the reallocat 



2d carrier wave; and 



if said control 
returning to saic 
of establishing 



qhannel cannot be established, 
step, according to claim 25, 
said control channel. 



20 



6^ 



26. A method, as claimec. 
characterised by said step 
including, on a contintjou 
transceiver : 



of enabling all carrier waves 
s basis, in said first 



25 



said transmitter 
measured channelp 
transceivers ; 



blishing the control channel 



in^- any — e£ — claims — ? — fc-e — 9*, 



obtaining data relating to 
from receivers in both said 



said transmitter 
parameter for ea 



determining the bit loading 
;h carrier wave; 
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said transmitter transmitting data relating to 
the bit loading parameter to said second 
transceiver ; 



said transmitter changing the bit loading 
parameter on confirmation from said second 
transceiver ; 



10 



the receiver measuring the channel 
characteristics of feaid multiplicity of 
channels and sending /data relating to said 
measurements to said transmitter; 



sir- 



the receiver equalizing said multiplicity of 
channels in accordance with said measured 
channel characteristics; 



15ri 



the receiver obtaining a channel estimation 
from said second transceiver for each of said 
multiplicity of channels; 



^0 



25 



the receiver obtaining a new bit loading 
parameiter for each of said multiplicity of 
channels ; 



the receiver obtaini 
from said second trai 

the receiver upda 
parameters for each 
channels . 



ijig a confirmation signal 
sceiver ; 

ing the bit loading 
of the multiplicity of 



27 



A method, as claimed in 



CI 



characterised by estimating chp 
periodic transmission, by one 
a base sync frame having a p 
comparing, in the other of 



f any of 



claims — 3r7 — fee — 2-6- 



nnel characteristics by 
:>f said transceivers, of 
edetermined content and 
said transceivers, the 
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received sync frame with A reference frame. 



28. A method, as claimed 
said channel characterif 
phase shifting and varian 



in claim 27, characterised by 
tics including attenuation, 
e . 



29. A method, as claime 
characterised by transmit 
intervals, the BSI , and 
transceivers thereby en; 
identify a frame as a syn 



in either claim 27, 
;ing said base sync frames at 
locking said BSI into said 
bling said transceivers to 
frame . 



30. A method, as claimed 
transmitting additional s 
said base sync frames. 



is; 



31. A method, as claimed 
characterised by said firs 
for system reconf iguratio 
effecting system reconfi 
next BSI. 



Of) 



32. A method, as claimed 
characterised in that said 
system transit time for si 



in claim 29, characterised by 
y|nc frames at intervals between 

in ^cither — c-laims — 2-9-; — or — 
transceiver issuing commands 
n at the start of a BSI and 
ration at the start of the 



gu 



In^a&y — e£ — ei^-inirs — 2*3 — tro — 3"t\ 
BSI is greater than twice the 
gnals . 



6^ 
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a, 

■ A/ 



33. A receiver, characterised in that it is adapted for 
,use with a multi-carrier! transmission system as claimed 

-any of — e - laim s — 1 — fee — IX, — or — ad apted — tro — implement — t+re- 
method claimed — ill any — of \claims — 3r7 — tro — 3-2-^ 



34. A transmitter, charat 
for use with a ! multi-car 



claimed in ^etrry — erf cr lai 



i,sed in that it is adapted 
transmission system as 



nrsl 




-4-7-; — adapt ed- — to 



iLmp-t-eme nt trlie uieLhud — claimed in arty — er f claim s — 3r-7 t o 3 £ 



35. A transceiver, characterised in that it includes a 



